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(54) Manufacturing method of superconducting wire 



(57) Powder (1 ) including at least a superconducting 
phase is degassed (step S1). After the powder is filled 
in a sliver pipe (2) (step S2), the silver pipe (2) is de- 
gassed at a high temperature (step S3). After a plurality 
of single-core wires (3) are inserted into another silver 
pipe (4) to attain a multi-core structure, the silver pipe 
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(4) is degassed at a high temperature (step S5). The 
silver pipe (4) is sealed under a reduced pressure (step 
S6). Therefore, even when a multi-core superconduct- 
ing wire is manufactured, a manufaturing method of a 
superconducting wire can be obtained which is capable 
of preventing swelling of the wire caused by a residua! 
gaseous component. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present Invention relates to a manufacturing method of a superconducting wire. Description of the Back- 
ground Art 

[0002] When a multi-core superconducting wire is manufactured by coating a superconducting wire of a copper 
10 based oxide with a metal, oxide powder is first filled in a metallic pipe made, for example, of silver to form a single- 
core wire, a plurality of such single-core wires are then combined and inserted into another metallic pipe made, for 
example, of silver to obtain a multi-core structure, the multi-core structure as an original wire undergoes processes 
such as wire hawing, rolling and the like to be formed into a wire shape, and thereafter the wire is sintered to attain a 
wire having superconductivity. 

is [0003] In such a manufacturing method, a gaseous component naturally exists inside the metallic pipe. Especially 
in a scheme in which a plurality of wires are fitted into a metallic pipe, a large number of components are included, 
which leads to the existence of various sources of gasses described below. Since the gaseous components expand 
inside the wires with increasing temperature, the wires swell. If the swelling occurs locally, the performance (critical 
current) of the affected portions is substantially degraded. If it is caused not locally but extensively and superficially, a 

20 superconducting ceramic portion inside comes to have a gap, the flow of current becomes poor, and the overall per- 
formance is lowered. 

[0004] Furthermore, if a gaseous component remains between filaments in a multi-core structured wire, adhesion 
(electrical contact) between the filaments becomes insufficient, current is not supplied uniformly to each filament, and 
therefore the performance is not uniform. 
25 [0005] For example, the sources of gaseous components which bring about the swelling phenomenon are as follows. 

(1) carbon, oxygen, nitrogen and a hydroxy! group (-OH) chemically bonded to an oxide in oxide powder. 

(2) carbonic acid gas, oxygen, nitrogen and water adsorbed into the surface of a powder particle. 

(3) various gasses (such as air) existing in a space or gap (between powder particles, between inserted metallic 
30 pipes). 

(4) vaporization of an oil or extraneous object attached to the inner and outer surfaces of an inserted metallic pipe 
and the inner surface of an outer metallic pipe into which a plurality of wires are inserted. 

(5) a gas dissolved in a metallic pipe (silver particularly easily dissolves). 

35 [0006] In order to cope with the swelling phenomenon, Japanese Patent Laying-Open No. 6-1 76635 fills powder in 
a metallic pipe in vacuum or in low humidity and puts a lid on it. Furthermore, Japanese Patent Laying-Open No. 
8-50827 fills power into a silver bolt member having a hole formed therein (in the form of a lotus root) and puts a lid 
on it at a temperature not exceeding the temperature (130°C) which causes silver to recrystalize, and Japanese Patent 
Laying-Open No. 4-292811 fills degassed powder in a metallic pipe and draws a vacuum at room temperature before 

40 a lid is placed thereon. 

[0007] Although the techniques disclosed in the above described publications are effective for preventing the swelling 
problem, it is difficult to perfectly suppress the swelling for the reasons described below. In the technique of Japanese 
Patent Laying-Open No. 6-176635, only the source (3) of swelling is removed. In the technique of Japanese Patent 
Laying-Open No. 6-50827 as well, only the source (3) of swelling is removed. Furthermore, there is not any concept 
45 of the surface of a silver pipe because a hole is formed in a block of silver in the publication, in the technique of Japanese 
Patent Laying-Open No. 4-29281 1 as well, the source (3) of swelling is removed and the sources (1 ) and (2) of swelling 
are partly removed by a process of degassing the powder. However, it cannot prevent a gaseous component from 
adsorbing again when filling powder in the pipe. 

[0008] There may be a method of removing the sources (1), (2) and (3) of swelling by combining the techniques of 
so Japanese Patent Laying-Open Nos. 6-1 76635 and 4-29281 1 . However, the conventional art cannot eliminate the sourc- 
es (4) and (5) of swelling. In any case, the techniques are intended for a single-core structure or a single lump of silver, 
and attention is paid only to a gas in powder. 

[0009] In any case, a gas that vaporizes at a high temperature (part of (1) and (2) as well as (4) and (5) may be 
confined in a sealed space if an adequate measure is not taken. Therefore, it becomes more difficult for a gaseous 
55 component which may be released by chance during formation of a wire to be released, thus conversely causing many 
cases of the swelling phenomenon. 
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SUMMARY OF THE INVENTION 

[0010] An object of the present invention Is to provide a manufacturing method of a superconducting wire capable 
of preventing swelling of the wire caused by a residual gaseous component even when a multi-core structured super- 
conducting wire is manufactured. 

[0011] The manufacturing method of a superconducting wire according to the present invention includes the steps 
described below. 

[0012] First, a plurality of first metallic pipes in which powder including at least a superconducting phase is filled and 
degassed are inserted Into a second metallic pipe. The second metallic pipe In which the first metallic pipes are inserted 
is degassed at a high temperature. Then, the degassed second metallic pipe is sealed in a depressurized state below 
atmospheric pressure. 

[0013] In the manufacturing method of a superconducting wire according to the present invention, the powder is 
degassed and therefore the sources (1 ) and (2) of a gaseous component can be removed. Since the first metallic pipes 
are degassed after the powder is filled, the source (3) of a gaseous component can be removed. Since the second 
metallic pipe is degassed as the first metallic pipes are inserted therein, the sources (4) and (5) of a gaseous component 
can be removed. Furthermore, since the second metallic pipe is sealed under a reduced pressure, the source (3) can 
be confined and the effect of degassing a constituent element can be maintained. 

[001 4] In addition , the degassing processing at a high temperature is effective for cleaning the surfaces of the inserted 
first metallic pipes and the Inner surface of the second metallic pipe located outside, and for improving adhesion be- 
tween the metallic pipes during wire formation and reducing gaps between the metallic pipes. Thus, superior electrical 
contact is attained and the gap resulting from gas accumulation is hardly caused inside the wire. 
[0015] As described above, ail the causes for the wire swelling can be removed, and therefore a superconducting 
wire can be obtained which can prevent degradation of critical current and does not worsen the overall performance. 
[0016] In the manufacturing method of a superconducting wire, a step of preparing the first metallic pipe in which 
powder is filled and degassed preferably includes the steps of degassing powder including at least a superconducting 
phase at a high temperature, filling the degassed powder in the first metallic pipe, and degassing the filled first metallic 
pipe at a high temperature. 

[0017] Thus, the powder and the first metallic pipes can be degassed. 

[0018] In the manufacturing method of a superconducting wire, degassing of the powder, degassing of the first me- 
tallic pipes and degassing of the second metallic pipe are performed under a temperature condition of at least 400°C 
and at most 800°C under a pressure of at least 1 0Pa and at most 1(fiPa. 

[0019] Thus, the degassing processing can be performed without changing the phase of the powder composition 
and therefore a high critical current value can be obtained. 

[0020] In the manufacturing method of a superconducting wire, degassing of the powder, degassing of the first me- 
tallic pipes and degassing of the second metallic pipe are preferably performed under a temperature condition of at 
least 400°C and at most 750°C under a pressure of at least 1 0^Pa and at most 1 0 3 Pa or under a temperature condition 
of 400°C and at most 800°C under the atmospheric pressure. 

[0021] As the temperature during degassing is higher, the effect of degassing increases. However, the temperature 
during degassing is limited by the powder portion. Although a gaseous component in the powder depends on the 
vacuum level (atmosphere), the reduced pressure atmosphere of at least 102Pa and at most 10 3 Pa allows degassing 
to be performed without changing the phase of the powder composition at a temperature of at least 400°C and at most 
750°C. In the atmosphere and under a pressure of lOSPa (approximately one atmosphere), the temperature of at least 
400°C and at most 800°C is a temperature which does not change the wire performance. Furthermore, a lubricating 
oil commonly used for processing a silver pipe starts to vaporize at approximately 200°C. The mobility of oxygen in 
silver becomes greater with increasing temperature. As the mobility becomes higher, oxygen is released from silver 
more easily. In this case as well, the temperature is desirably as high as possible. Therefore, with the above described 
pressure and temperature conditions, a gas can be released without changing the phase of the powder composition 
or without changing the wire performance. 

[0022] In the manufacturing method of a superconducting wire, the superconducting phase included in the powder 
is preferably a bismuth based oxide superconducting phase. 

[0023] For such a manufacturing method of a superconducting wire, the bismuth based oxide superconducting phase 
is particularly suitable. 

[0024] In the manufacturing method of a superconducting wire, the powder before being filled in the first metallic 
pipes preferably includes a large amount of a 2223 phase and a small amount of a 2212 phase which are at least the 
superconducting phase. 

[0025] The manufacturing method of a superconducting wire preferably further includes the step of providing a heat 
treatment to convert substantially all the superconducting phase of the powder to the 2223 phase after sealing the 
second metallic pipe. 
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[0026] By thus controlling the superconducting phase in the manufacturing process, a superconducting wire ulti- 
mately having a superior superconducting characteristic can be obtained. 

[0027] In the manufacturing method of a superconducting wire, the step of sealing the second metallic pipe is pref- 
erably performed under a pressure of at most 0.3x1 0 5 Pa. 

5 [0028] Although a higher vacuum level (low pressure) is desirable as the vacuum level for confinement, it may be at 
most 0.3X 1 0 5 Pa (approximately 1/3 atmospheric pressure) considering volume expansion of a gas at a heat treatment 
temperature (850°C) for attaining superconductivity. In short, a gas expands three times at the heat treatment temper- 
ature (850°C) for attaining superconductivity, and therefore if the initial gas amount is 1/3 or less, the gas is housed in 
its original space with respect to its volume even If it expands In volume during the heat treatment for attaining super- 

w conductivity. 

[0029] In the manufacturing method of a superconducting wire, the temperature at which the first metallic pipes are 
released to the atmospheric pressure after being degassed is preferably at most 200°C. 
[0030] Thus, swelling of the wire can be prevented. 

[0031] In the manufacturing method of a superconducting wire, the second metallic pipe is preferably sealed at a 
15 temperature of at least 600°C and at most 750°C. 

[0032] The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Fig. 1 is a perspective view partially in section schematically showing a structure of a superconducting wire 
manufactured by a method according to the present invention. 

[0034] Fig. 2 is a sectional view schematically showing the structure of the superconducting wire manufactured by 
25 the method according to the present invention. 

[0035] Fig. 3 shows a manufacturing method of the superconducting wire in one embodiment of the present invention . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 [0036] A structure of a superconducting wire manufactured by a method of the present invention will be described. 
[0037] Referring to Figs. 1 and 2, a superconducting wire 5 manufactured by a method of the present invention is 
formed of a plurality of single-core wires 3 and a silver pipe 4 into which the wires are fitted, and has a mutti-core 
structure. Depending on the cases, superconducting wire 5 may include a silver rod (filler) 6 for reducing gaps and an 
insulating material (non-superconducting powder, and a metal other than silver) between single-core wires 3. Single- 

35 core wire 3 is formed by filling silver pipe 2 with powder 1 including a superconducting phase. 

[0038] In the following, a method of manufacturing the superconducting wire according to one embodiment of the 
present invention will be described. 

[0039] Referring to Fig. 3, powder, as a raw material, of oxides or carbonates was mixed at a composition ratio of 
Bi:Pb:Sr:Ca:Cu=1 .8:0.3:1 .9:2.0:3.0. The mixed powder was heated multiple times at approximately 700°C to 860°C 

40 to prepare powder 1 formed of a large amount of (BiPb) 2 Sr 2 Ca 1 Cu 2 O z (referred to as a Bi-221 2 phase), a small amount 
of (BiPb) 2 Sr2Ca 2 Cu 3 O z (referred to as a Bi-2223 phase), and a non-superconducting phase. Powder 1 was filled in 
silver pipe 2 immediately after the heat treatment or, if it was notfilled immediately, thepowderwas heated for degassing 
for approximately 1 0 hours at 800°C in the atmosphere or at a temperature of 400 to 750°C under a reduced pressure 
of 1 0 2 to 1 0 3 Pa to remove a gas component absorbed during storage (step S 1 ), and then powder 1 was filled in silver 

45 pipe 2 (step S2). The heating temperature was set at a level which would not change the above described powder 
composition phase. 

[0040] Silver pipe 2 (single-core wire) filled with powder 1 was drawn to reduce its diameter. At this time, a lubricating 
oil used for processing may attach to the surface of silver pipe 2. Then, the wire was heated for approximateiy 1 0 hours 
at a temperature of 400 to 800°C in the atmosphere or at a temperature of 400 to 750°C under a reduced pressure of 
50 1 0 2 to 1 0 3 Pa to perform degassing (step S3). Thereafter, the single-core wire was drawn to reduce its diameter. The 
single-core wire was cut to obtaim 61 wires 3 which were to be fitted. The 61 wires 3 were inserted into another pipe 
4 to form a multi-core structure having 61 cores (step S4). 

[0041] Gaps which were not filled existed in the multi-core structure. The multi-core structured original material was 
heated for approximately 10 hours at 400 to 800°C in the atmosphere or at 400 to 750°C under a reduced pressure 
55 of 1 0 2 to 1 0 3 Pa to perform degassing (step S5). After the structure was cooled to room temperature, vacuum drawing 
was performed in the interior to attain a high vacuum level and a lid was put on silver pipe 4 by electron beam welding 
so as to maintain the interior in a vacuum state (step S6). The lid may be formed by any methods other than electron 
beam if it can maintain vacuum. 
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[0042] The sealed multi-core structured original material was drawn to a long wire and rolled to obtain a tape-shaped 
wire. The tape-shaped wire was heated for at least 50 hours at a temperature of approximately 850°C In the atmosphere, 
and rolled again. For the heat treatment at approximately 850°C, the temperature was set higher differently from the 
degassing processing because the heat treatment was intended to change the powder phase. The rolled tape-shaped 
wire was heated again for at least 50 hours at a temperature of approximately 850°C In the atmosphere. Thus, inner 
powder 1 was almost (substantially) completely converted to an intended Bi-2223 phase and came to have supercon- 
ductivity. 

[0043] Therefore, a superconducting wire having a width of 4mm, a thickness of 0.2mm and a cross sectional area 
of the superconducting portion (total area of filaments) of 0.25mm 2 was obtained. 

[0044] In the manufacturing process, as was found out by variously changing the degassing conditions, the best 
example having a very high critical current value exhibited the conditions shown in Table 1 . 

[0045] It is noted in Table 1 that the "powder degassing condition" refers to a condition for step S1 in Fig. 3, the 
"single-core wire degassing condition" refers to a condition for step S3, the "multi-core original wire degassing condition" 
refers to a condition for step S5, and the "reduced pressure sealing condition" refers to a condition for step S6. 



Table 1 



wire 


best example 


powder degassing condition (S1) 


800°C, atmosphere 


single-core wire degassing condition (S3) 


750°C, 100-1000Pa 


multi-core original wire degassing condition (S5) 


750°C, 100-1000Pa 


reduced pressure sealing condition (S6) 


1000Pa, lid 


number of swollen points (per km) 


0 


critical current value (A) 


70 



[0046] Furthermore, superconducting wires manufactured by changing the degassing conditions or the sealing con- 
ditions for each process were examined in terms of the number of swollen points (per km) and the critical current values 
at the liquid nitrogen temperature. The results are as shown in Tables 2 to 5. 
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Table 5 



wire 


best example 


A5 


B5 


C5 


D5 


E5 


power degassing 
condition (S1) 


800°C, atmosphere 


single-core degassing 
condition (S3) 


750*0, 100-1 OOOPa 


mufti-core original wire 
degassing condition 
(S5) 


750°C, 100-1 OOOPa 


reduced pressure 
sealing condition (S6) 


1 0OOPa, lid 


none 


100000Pa, lid 


50000Pa, lid 


30000Pa, iid 


10000Pa, lid 


number of swollen points 
(per km) 


0 


350 


270 


150 


5 


3 


critical current value (A) 


70 


66 


65 


63 


65 


66 



[0047] As can be seen from Tables 2 to 4, in the degassing processings at steps S1 , S3 and S5, the heat treatment 
at a temperature of at least 400°C results in less than 1 0 swollen points in any case of the atmosphere and the reduced 
pressure atmosphere (10 2 to 1 0 3 Pa). It is found out that the heat treatment to a temperature of at least 850°C in the 
atmosphere as a degassing condition, or heat treatment to a temperature of at least 800°C In the reduced pressure 
atmosphere reduces the number of swollen points although it lowers the critical current value by 25 to 35A. 
[0048] As described above, it is found out that if the degassing condition is set to at least 400°C and at most 800°C 
in the atmosphere or at least 400°C and at most 750°C in a reduced atmosphere, a superconducting wire having a 
small number of swollen points and a high critical current value can be obtained. 

[0049] It was revealed that the powder phase changes and the critical current value decreases under the condition 
of 1Pa with a high vacuum level. Therefore, the pressure condition for degassing is preferably from the atmospheric 
pressure to 10Pa. 

[0050] It can be seen from Table 5 that the number of swollen points drops sharply under a pressure of at most 
0.3X1 0 5 Pa (approximately 0.3 atmospheric pressure) as a vacuum level for sealing silver pipe 4. Although room tem- 
perature is effective for the temperature for sealing, placing a ltd at a high temperature as the degassed state under a 
reduced pressure is maintained is of course equivalent. 

[0051] Furthermore, after silver pipe 2 was degassed at a temperature of 750°C and under a reduced pressure of 
1 0 2 to 1 (PPa in step S3 of Fig. 3, the temperature at which silver pipe 2 was released to the atmospheric pressure was 
changed, and the number of swollen points at that time was measured. The results are shown in Table 6. 



Table 6 



wire 


A6 


B6 


C6 


D6 


E6 


F6 


single-core degassing condition (S3) 


750°C, 100-1 OOOPa 


atmosphere releasing temperature (°C) 


30 


100 


200 


300 


400 


500 


number of swollen points (per km) 


O 


0 


0 


10 


15 


18 



[0052] As can be seen from table 6, the number of swollen points increases when the temperature at which silver 
pipe 2 is released to the atmospheric pressure is higher than 200°C. This is because re-absorption of a gas at the 
powder portion during cooling becomes high. 
so [0053] As described above, the temperature for releasing a single-core wire to the atmospheric pressure after de- 
gassing is preferably 200°C or less. 

[0054] As described above, in the manufacturing method of a superconducting wire according to the present inven- 
tion, the powder is degassed and therefore the source of a gaseous component can be removed from the powder. 
Since the first metallic pipe is degassed after the powder is filled, the source of a gaseous component can be removed 
55 from the first metallic pipe. In addition, since the second metallic pipe is degassed as the first metallic pipe is inserted, 
the source of a gaseous component can be removed from the second metallic pipe. Furthermore, since the second 
metallic pipe is sealed under a reduced pressure, the effect of degassing a component inserted therein can be main- 
tained. 
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Claims 

1. A manufacturing method of a superconducting wire, characterized by the steps of: 

inserting a plurality of first metallic pipes (2) in which Dowcter 1 1 1 in^i, . , . 

is filled and degassed, into a second metallic pipe 9 8 " SU P erconductin 9 

depingsa.dsecondmeta,,icpipe(4,.inwh.chsaidf;rstmeta l ,,cp,pes (2 )arein^ 

sealing said second meta.lic pipe (4, thus degassed, in a lower than atmosphere depressed state 

degass,ng said first metallic pipes (2) thus filled, at a high temperature 
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10. The manufacturing method of a superconducting wire according to Cairn 1 . characterized in that a temperature 
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for releasing said first metallic pipes (2) to an atmospheric pressure after degassing said first metallic pipes (2) is 
at most 200°C. 

1 1 . The manufacturing method of a superconducting wire according to claim 1 , characterized in that the step of sealing 
5 said second metallic pipe (4) is performed at a temperature of at feast 600°C and at most 750°C. 
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FIG. 3 





DEGAS POWDER 1 


— S1 








FILL POWDER 1 IN SILVER 
PIPE 2 


— S2 










DEGAS SILVER PIPE 2 


— S3 






INSERT A PLURALITY OF SILVER PIPES 2 
IN WHICH POWDER 1 IS FILLED INTO 
ANOTHER SILVER PIPE 4 TO OBTAIN 
MULTI-CORE STRUCTURE 










DEGAS SILVER PIPE 4 


— S5 






SEAL SILVER PIPE 4 UNDER 
REDUCED PRESSURE 


— S6 



13 



THIS PAGE BLANK (USPTO) 



